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The woods are lovely, dark and deep.The woods are lovely, dark and deep.
But I have promises to keep,But I have promises to keep,

And miles to go before I sleep,And miles to go before I sleep,
And miles to go before I sleep.And miles to go before I sleep.

Robert Frost, Robert Frost, Dust of SnowDust of Snow, 1923, 1923



My mind clicks on and off…I try letting one 
eyelid close at a time while I prop the other 
open with my will.  My whole body argues 
dully that nothing, nothing life can attain, is 
quite so desirable as sleep.  My mind is losing 
resolution and control.

Charles Lindbergh, The Spirit of St. Louis



Lecture OverviewLecture Overview

Sleep physiologySleep physiology
Consequences of Sleep Consequences of Sleep 
Deprivation/FragmentationDeprivation/Fragmentation
Sleep Deprivation in the WorkplaceSleep Deprivation in the Workplace
CountermeasuresCountermeasures



What is Sleep?What is Sleep?

““A reversible behavioral state of perceptual A reversible behavioral state of perceptual 
disengagement from, and unresponsiveness disengagement from, and unresponsiveness 
to, the environmentto, the environment””

–– Carskadon and Dement, 1989Carskadon and Dement, 1989



Behavioral Criteria for SleepBehavioral Criteria for Sleep

QuiescenceQuiescence
Stereotypic, speciesStereotypic, species--specific posturespecific posture
Increased arousal thresholdIncreased arousal threshold
Rapid waking with moderately intense Rapid waking with moderately intense 
stimulationstimulation
Rebound recovery from deprivationRebound recovery from deprivation



Why Do We Sleep?Why Do We Sleep?
RestorativeRestorative

–– BrainBrain
•• Recovery of CNS neurons which undergo reversible Recovery of CNS neurons which undergo reversible 

change during wakeful activationchange during wakeful activation
•• Accumulation of chemicals/neurotransmitters Accumulation of chemicals/neurotransmitters 

(adenosine?)(adenosine?)
•• Temperature????Temperature????

–– BodyBody
•• Synthesis, tissue repairSynthesis, tissue repair
•• Immune functionImmune function

Cognitive (consolidate memoryCognitive (consolidate memory-- REM Sleep)REM Sleep)



Distribution of Sleep StagesDistribution of Sleep Stages
Stage IStage I------------------------------------22--5%5%
Stage IIStage II----------------------------------4545--50%50%
Stage IIIStage III--------------------------------33--8%8%
Stage IVStage IV--------------------------------1010--15%15%

WakeWake----------------------------------------5%5%

Stage REMStage REM--------------------------2020--25%25%

Non-REM
75-80%

}13-23%



Sleep Architecture in Young AdultSleep Architecture in Young Adult



Determinants of SleepinessDeterminants of Sleepiness

Homeostasis/length of prior wakefulnessHomeostasis/length of prior wakefulness
((““sleep deprivationsleep deprivation”” or or ““sleep debtsleep debt””))

Circadian RhythmCircadian Rhythm



Homeostatic SleepinessHomeostatic Sleepiness

Devoto et al. Sleep, 1999 Bonnet & Arand. Sleep Medicine
Reviews, 2003



Adults on average sleep six hours Adults on average sleep six hours 
and 54 minutes, about an hour and 54 minutes, about an hour 

less than the eight hours less than the eight hours 
recommended by sleep experts.recommended by sleep experts.

National Sleep Foundation,National Sleep Foundation,
Omnibus Sleep in America PollOmnibus Sleep in America Poll

20002000



Circadian RhythmsCircadian Rhythms



Interaction  between Sleep Debt (S) and Interaction  between Sleep Debt (S) and 
Circadian Variation in Alerting Mechanism (C)Circadian Variation in Alerting Mechanism (C)



Demonstrated Behavioral Adverse Effects of Demonstrated Behavioral Adverse Effects of 
Acute Total Sleep Deprivation, Chronic Partial Acute Total Sleep Deprivation, Chronic Partial 

Sleep Deprivation, and Circadian SleepinessSleep Deprivation, and Circadian Sleepiness
VigilanceVigilance
Cognitive tasksCognitive tasks
Motor tasksMotor tasks
Verbal processingVerbal processing
Complex problemComplex problem--solvingsolving
LearningLearning
–– Complex cognitive tasksComplex cognitive tasks
–– Procedural tasksProcedural tasks

MoodMood
Sources:
Pilcher and Huffcutt.  Effects of sleep deprivation: A meta-analysis. Sleep 1996
Veasey et al.  Sleep loss and fatigue in residency training. A reappraisal.  JAMA 2002



Circadian Variation in Unintended Circadian Variation in Unintended 
Sleep EpisodesSleep Episodes

From Carskadon et al.



Psychomotor Vigilance Test:Psychomotor Vigilance Test:
Performance Lapses under Varying Doses Performance Lapses under Varying Doses 

of Daily Sleepof Daily Sleep



Effect of Sleep Deprivation on RiskEffect of Sleep Deprivation on Risk--
taking Behavior (Stop Light Task)taking Behavior (Stop Light Task)

Roehrs et al.  Sleep, 2004



Performance Gains on a Novel (A) vs. WellPerformance Gains on a Novel (A) vs. Well--
practiced (B) Taskpracticed (B) Task

without and with REM or SWS Deprivationwithout and with REM or SWS Deprivation

Karni et al.
Science,
1994



Other Demonstrated Health Effects Other Demonstrated Health Effects 
of Sleep Deprivationof Sleep Deprivation

Immune FunctionImmune Function
–– Antibody titers to vaccinationAntibody titers to vaccination
–– Febrile response to Febrile response to endotoxinendotoxin
–– Natural killer TNatural killer T--cell activitycell activity

Endocrine functionEndocrine function
–– LeptinLeptin
–– Thyroid hormoneThyroid hormone
–– CortisolCortisol
–– ProlactinProlactin
–– LuteinizingLuteinizing hormonehormone
–– EstradiolEstradiol

Appetite and food selectionAppetite and food selection
MortalityMortality





MitlerMitler et al, Sleep 1988et al, Sleep 1988
((Combined data from Combined data from LavieLavie et al, et al, LangloisLanglois et al, and Duff)et al, and Duff)



Interactive Effects of Sleep Deprivation, Time of Interactive Effects of Sleep Deprivation, Time of 
Day, and Driving Experience on a Driving Task. Day, and Driving Experience on a Driving Task. 

LennLennéé et al, Sleep 1998et al, Sleep 1998
12 experienced (>6 yrs) and 12 12 experienced (>6 yrs) and 12 
inexperienced (<3 yrs) driversinexperienced (<3 yrs) drivers
STI Driving Simulator, rural STI Driving Simulator, rural 
winding twowinding two--lane highwaylane highway
Task: maintain position in left Task: maintain position in left 
lane at 80 km/hour for 4.5 lane at 80 km/hour for 4.5 
minutes; secondary task of minutes; secondary task of 
sounding horn when promptedsounding horn when prompted
Two days of testing: control and Two days of testing: control and 
after 24 hours sleep deprivationafter 24 hours sleep deprivation
Tested at 0800, 1100, 1400, Tested at 0800, 1100, 1400, 
1700, and 2000 hours1700, and 2000 hours



LennLennéé et al, Sleep 1998et al, Sleep 1998

Sleep-deprived subjects varied their speed and deviated
from the target speed more than controls



LennLennéé et al, Sleep 1998et al, Sleep 1998

Sleep-deprived subjects varied their lateral position
and deviated from the target position more than controls



SleepinessSleepiness--related Disastersrelated Disasters
Exxon ValdezExxon Valdez

–– Third mate too sleepy to maneuver the Third mate too sleepy to maneuver the 
vessel properlyvessel properly

ChallengerChallenger
–– Two of the three NASA managers Two of the three NASA managers 

responsible for approving the flight had responsible for approving the flight had 
<3 hours of sleep for 3 consecutive <3 hours of sleep for 3 consecutive 
nightsnights

Staten Island Ferry CrashStaten Island Ferry Crash
–– Pilot Pilot ““loses consciousnessloses consciousness””

Nuclear Reactor AccidentsNuclear Reactor Accidents
–– ChernobylChernobyl
–– Three Mile IslandThree Mile Island
–– DavisDavis--BesseBesse
–– Rancho Rancho SecoSeco



MitlerMitler et al, Sleep 1988et al, Sleep 1988
((Data from Data from BjernerBjerner et al, Br J et al, Br J IndInd Med 1955)Med 1955)



Are Snoring Medical Students at Are Snoring Medical Students at 
Risk of Failing their Exams?Risk of Failing their Exams?

FickerFicker JH et al.  Sleep 1999JH et al.  Sleep 1999
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The Intern and Sleep Loss.The Intern and Sleep Loss.
Friedman et al, NEJM 1971Friedman et al, NEJM 1971

14 IM interns (PGY14 IM interns (PGY--1)1)
In random order, tested In random order, tested 
when when ““restedrested”” and postand post--
callcall
Modified Modified JarvikJarvik
Questionnaire and Mood Questionnaire and Mood 
Adjective Check ListAdjective Check List
Abnormal ECG rhythm Abnormal ECG rhythm 
strip (20strip (20’’) with cash ) with cash 
prize; number of errors prize; number of errors 
talliedtallied
Error rateError rate±±SEM= SEM= 
9.649.64±±1.41 vs. 5.211.41 vs. 5.21±±0.93, 0.93, 
p<0.01p<0.01



Stresses Affecting Surgical Performance and Learning: Stresses Affecting Surgical Performance and Learning: 
Correlation of Heart Rate, Electrocardiogram and Operation Correlation of Heart Rate, Electrocardiogram and Operation 

Simultaneously Recorded on Videotape.Simultaneously Recorded on Videotape.
Goldman et al.  J Goldman et al.  J SurgSurg ResRes 19721972

5 surgical residents videotaped while 5 surgical residents videotaped while 
assisting at surgeryassisting at surgery
Qualitative analysis of operative techniqueQualitative analysis of operative technique
Not blindedNot blinded
Results: 30% more operative time required Results: 30% more operative time required 
in 4/5 residents postin 4/5 residents post--call (< 2 hours sleep) call (< 2 hours sleep) 
compared to compared to ““restedrested”” statestate



CountermeasuresCountermeasures

Stimulants (Stimulants (““Go PillsGo Pills””))
Circadian StrategiesCircadian Strategies
““The most effective countermeasure for The most effective countermeasure for 
sleepiness is sleep.sleepiness is sleep.”” VeaseyVeasey et al, 2002et al, 2002
–– 8080--hour work week (ACGME, AMA, JCAHO)hour work week (ACGME, AMA, JCAHO)
–– Chronic partial vs. acute severe sleep Chronic partial vs. acute severe sleep 

deprivationdeprivation
–– What to do about moonlighting and other What to do about moonlighting and other 

activities?activities?
–– NappingNapping



PeerPeer--Reviewed Investigations of Sleep Reviewed Investigations of Sleep 
Deprivation in Graduate Medical EducationDeprivation in Graduate Medical Education

Compiled from Compiled from VeaseyVeasey et al, JAMA 2002et al, JAMA 2002
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Effect of a Change in House Staff Work Schedule Effect of a Change in House Staff Work Schedule 
on Resource Utilization and Patient Care.on Resource Utilization and Patient Care.

Gottlieb et al, Arch Intern Med 1991Gottlieb et al, Arch Intern Med 1991
Minneapolis VAMC, U of Minneapolis VAMC, U of 
MinnMinn teaching svcteaching svc
16 teams of PGY16 teams of PGY--1 and 1 and 
PGYPGY--2 or 32 or 3
PrePre--intervention: 4intervention: 4--day day 
rotation with 1 longrotation with 1 long--call call 
nightnight
PostPost--intervention: Nightintervention: Night--
float takes admissions float takes admissions 
after 10 PMafter 10 PM
LongLong--call team slept call team slept 
2.32.3±±1.3 vs. 4.31.3 vs. 4.3±±1.7 hours 1.7 hours 
prepre-- and postand post--interventionintervention



Nature had not intended mankind to work from eight Nature had not intended mankind to work from eight 
in the morning until midin the morning until mid--night without that night without that 
refreshment of blessed oblivion which, even if it refreshment of blessed oblivion which, even if it 
only lasts twenty minutes, is sufficient to renew all only lasts twenty minutes, is sufficient to renew all 
the vital forces.  This routine I observed throughout the vital forces.  This routine I observed throughout 
the war, and I commend it to others if and when they the war, and I commend it to others if and when they 
find it necessary for a long spell to get the last scrap find it necessary for a long spell to get the last scrap 
out of the human structure.out of the human structure.

Sir Winston ChurchillSir Winston Churchill



What is A Nap?What is A Nap?

A period of sleep that isA period of sleep that is
–– shorter in duration than usualshorter in duration than usual

(typically, <50% of normal sleep period)(typically, <50% of normal sleep period)

–– taken at a time other than the normal sleep taken at a time other than the normal sleep 
periodperiod

–– may be may be prophylacticprophylactic or or replacementreplacement in in 
naturenature



Prophylactic vs. Replacement Napping:  Prophylactic vs. Replacement Napping:  
DingesDinges et al, et al, SleepSleep 19871987

SubjectsSubjects
–– 41 healthy young adults, ages 1841 healthy young adults, ages 18--30 years30 years
–– No known history of any sleep disorderNo known history of any sleep disorder

ProtocolProtocol
–– 56 hour period of sustained wakefulness56 hour period of sustained wakefulness
–– Randomly assigned to nap (for 2 hours) at 6, 18, Randomly assigned to nap (for 2 hours) at 6, 18, 

30, 42, and 54 hours after their last night30, 42, and 54 hours after their last night’’s sleeps sleep
–– Environment free of time cuesEnvironment free of time cues
–– Performance testing (visual reaction), mood scale Performance testing (visual reaction), mood scale 

assessments, subjective sleepiness, and sublingual assessments, subjective sleepiness, and sublingual 
temperatures every 2.4 hourstemperatures every 2.4 hours

–– Polysomnography during naps to assess sleep Polysomnography during naps to assess sleep 
qualityquality



Prophylactic vs. Replacement Napping:  Results Prophylactic vs. Replacement Napping:  Results 
DingesDinges et al, et al, SleepSleep 19871987

A single 2A single 2--hour nap anywhere during a 56 hour hour nap anywhere during a 56 hour 
period of sustained wakefulness improved period of sustained wakefulness improved 
performance compared with not napping but did performance compared with not napping but did 
not return performance to normalnot return performance to normal
SelfSelf--described mood and subjective sleepiness did described mood and subjective sleepiness did 
not improvenot improve
Performance improvement from prophylactic naps Performance improvement from prophylactic naps 
(6 and 18 hours after the previous night(6 and 18 hours after the previous night’’s sleep) s sleep) 
were greater and longer lasting than for were greater and longer lasting than for 
replacement naps replacement naps 
Circadian timing of nap not importantCircadian timing of nap not important



What are the Drawbacks of What are the Drawbacks of 
Napping?Napping?

Sleep InertiaSleep Inertia
InsomniaInsomnia
?Lost productivity?Lost productivity



Danger Signs for Sleepy DriversDanger Signs for Sleepy Drivers
JAMA, 1998JAMA, 1998

Eyes closing or going our of focus by themselvesEyes closing or going our of focus by themselves
Trouble keeping your head upTrouble keeping your head up
Yawning nonstopYawning nonstop
Wandering, disconnected thoughtsWandering, disconnected thoughts
Not remembering driving the last few minutesNot remembering driving the last few minutes
Drifting between lanes, tailgating, or missing Drifting between lanes, tailgating, or missing 
traffic signstraffic signs
Jerking the car back in laneJerking the car back in lane
Drifting off the road and narrowly missing a crashDrifting off the road and narrowly missing a crash



What Next?What Next?

Check with your onsite Health Benefits and Check with your onsite Health Benefits and 
Employee Services professionals or your Employee Services professionals or your 
Primary Care Provider to obtain a referral to Primary Care Provider to obtain a referral to 
the UNMH Sleep Disorders Center. the UNMH Sleep Disorders Center. 



“If you don’t think fatigue wreaks havoc, 
take a look at some of the laws we write 
around here at 1 a.m.”

Rep. James Oberstar (D-MN),
quoted by TrafficWorld magazine, 2002


